ABSTRACT WCL-LO4-Gail lesquerella (Physaria fendleri L.) germplasm line (Reg. No. GP-34, PI 666045) was publicly released jointly by the USDA-ARS and the University of Arizona, in 2012 as part of the new crops breeding program. The germplasm was developed by mass selection originating from lesquerella germplasm WCL-LO3. The germplasm has an average oil content of 29% and 44% lesquerolic acid. It has a harvest index of 16.5, a plant biomass of 157 g, and a seed yield of 23.5 g plant −1
. The unique characteristic of this germplasm is its demonstrated improved harvest index. The release of WCL-LO4-Gail will benefit public and private breeders with new germplasm for variety development. It will also benefit growers and producers with the highest yielding available germplasm for production. USDA is an equal opportunity provider and employer. Mention of trade names or commercial products in this publication is solely for the purpose of providing specific information and does not imply recommendation or endorsement by the U.S. Department of Agriculture. *Corresponding author (david.dierig@ars.usda.gov).
L esquerella (Physaria fendleri L.) is a new, alternative oilseed crop with industrial uses that is native to the United States. The unique seed oil is similar to that of castor (Ricinus communis L.) oil. Castor produces ricinoleic acid (C18:1-OH) in amounts of approximately 85 to 90% of the fatty acid profile (Roetheli et al., 1990) . The United States imports castor oil from countries such as India, Brazil, and China. Health and safety concerns are the major reasons for the lack of castor production in the United States. Ricin is a toxic byproduct of castor oil that can be deadly in very small amounts. Lesquerella produces lesquerolic acid (C20:1-OH) in amounts of approximately 45 to 55% of the fatty acid oil profile, without any toxic compounds.
Sites for native collections of P. fendleri occur in the southwestern United States (Dierig et al., 1996; Salywon et al., 2005) . The most promising production sites are in warmer areas with mild winters, such as Phoenix and Tucson, AZ (Dierig et al., 2011) . Lesquerella is grown as a winter annual: it is planted in October and harvested in June. Shorter growing seasons, such as spring plantings, have been investigated but seed yields are sacrificed (Dierig et al., 2012) . Seeds are produced in siliques occurring along the inflorescences. The plant is indeterminant and develops new branches in response to warmer temperatures (Dierig and Crafts-Brandner, 2011) . More branches allow more areas for silique and seed production. As with other members of the Brassicaceae family, lesquerella is a self-incompatible, outcrossing species (Rollins and Shaw, 1973) . Yellow flowers form a crop-cover at peak flowering, which occurs from March until late May. Bees and other insects pollinate the crop. Seed is typically harvested with a combine fitted with screens for small-seeded crops (Dierig et al., 2011) .
Crop improvement has focused on traits such as oil content, lesquerolic acid, and seed yield. We developed this germplasm from the most productive population available and selected for harvest index to produce plants with more seeds per unit of plant biomass.
Methods
WCL-LO4-Gail (Reg. No. GP-34, PI 666045) was developed through mass selection with seed originating from WCL-LO3 (Dierig et al., 2006) . In October 2005 October , 2006 October , and 2007 , an irrigated field with 20 single rows that were 95 m long and spaced 1 m apart was planted. At preplant, 180 kg ha −1 of 16-20-0 fertilizer was incorporated. After germination, plants were thinned to a within-row spacing of approximately 40 cm. In June of each season, 500 openpollinated plants were individually harvested. Plants were dried at 60°C for at least 1 wk and weighed. Plants were thrashed to remove seeds from individual plants. Seeds were hand cleaned and weighed to determine the seed yield per plant. A 0.5-g sample was used for nondestructive analysis of oil content with a pulsed NMR and was expressed on a dry-weight basis. The oil profile was analyzed by combining individual seed samples from each replication into a bulk sample and removing 50 seeds for analysis on a gas chromatograph. The harvest index was calculated by dividing the seed yield by the plant dry weight. The two selection criteria were harvest index and oil content. Plants were ranked on the basis of a combination score determined by oil content multiplied by harvest index. The top 10% of the population was combined in equal amounts and planted the next growing season. At the end of the third season, this bulk became WCL-LO4-Gail.
Yield trials
Two previously released germplasm lines, WCL-LO1 (Dierig et al., 1998) and WCL-LO3 (Dierig et al., 2006) were used as checks for comparisons in randomized yield trials. Two locations were used during two growing seasons: the University of Arizona, Maricopa Agricultural Center (MAC) near Phoenix, AZ, and the Campus Ag Center, Tucson, AZ. A randomized complete block design was used with four replications. Due to limited seed amounts, WCL-LO4-Gail and the two check lines were greenhouse planted in September 2008 and 2009 into 72-cell Speedling trays (Speedling, Inc.) and then transplanted into the field in late October. Plants were spaced 40 cm apart in rows that were 1 m apart. There were 24 plants per plot. Soils at both locations were a sandy clay loam. Ten individual plants were harvested in June of the following year for yield and oil traits. The final irrigation took place in mid-May of both years. Plants were allowed to desiccate and then hand harvested. The same traits were measured as previously described, including plant dry weight, seed yield, oil content, and oil profile. The harvest index was calculated. During the season of both years, two plants from each plot in each replication were destructively harvested for plant biomass accumulation. In the first season, the sampling dates were 5 Mar. and 2 Apr. 2009, and 10 Mar., 26 Apr., and 25 May 2010 for the second season.
Data were analyzed with the SAS statistical package (SAS Institute, 2008) . Morphological traits were subjected to analysis of variance and the difference between means was determined by Tukey's adjustment. The data were analyzed to study the difference between the varieties, years, locations, and their interactions. Data were tested for normality of distribution before the statistical analysis. When there was subsampling from the same plot, the mean values of the subsamples were used for analysis.
Characteristics Oil Content
WCL-LO4-Gail had the highest oil content of the three varieties tested both years (Table 1 ). The seed oil of WCL-LO4-Gail was significantly higher than for WCL-LO1 but not WCL-LO3. There were no significant differences between locations, years, or any combinations of interactions.
Oil Profile
There were no significant differences for any fatty acids analyzed between locations, years, or any combinations of interactions. Ten fatty acids were identified in the profile, and only palmitoleic acid (C16:1), which only occurs in amounts of approximately 1% of the entire profile, was significantly lower in both WCL-LO4-Gail and WCL-LO3 compared with WCL-LO1 (Table 1) . No other differences were detected in fatty acids between varieties. The seeds from the 2009 yield trial were higher in palmitoleic acid than seeds from 2010. No selection was made for oil profile.
Plant Biomass
At final harvest, WCL-LO4-Gail had the highest biomass of the three varieties. It was significantly different from WCL-LO3 but not from WCL-LO1 (Table 2 ). There was no significant difference for biomass between locations; however, biomass was significantly higher in 2010 compared than in 2009. During the 2010 growing seasons, biomass accumulation in WCL-LO4-Gail was lower at all three sampling dates compared with the other two varieties. In 2009, WCL-LO4-Gail had the highest biomass at the first sampling date, but by the second date, there was no significant difference between the three varieties.
Seed Yield
WCL-LO4-Gail had higher seed yields than the other two varieties but they were not significantly different ( Table 2) . The 2010 season showed higher seed yields than 2009, but no significant differences were found between locations and varieties.
Harvest Index WCL-LO4-Gail had a significantly higher harvest index than the other two varieties (Table 2 ). There were no differences between the 2 yr; however, plants from the Tucson location had a significantly higher harvest index compared with those from the Maricopa location.
Conclusions
WCL-L04-Gail had higher oil content and plant biomass compared with the other two varieties. However, differences in seed yield between the three varieties were not significant. The selection criterion in the development of this new variety was based on harvest index, which was significantly higher than for the two varieties used for comparison, and oil content. This germplasm may be beneficial for growing regions in the southwestern United States since it is more efficient in production requirements because of the lower ratio of plant biomass to seed.
Availability
Seed from this release has been deposited with the USDA-ARS-National Plant Germplasm System. This material will be available immediately for research purposes including the development and commercialization of new cultivars.
It is requested that appropriate recognition be given if this germplasm contributes to the development of a new breeding line or cultivar. Requests should be made to Dr. Gabriela Romano, Curator, USDA-ARS National Arid Land Plant Genetic Resources Program, Parlier, CA 93648-9757; http://www.ars.usda.gov/main/site_mainhtm?mode code=53-06-20-00 (accessed 10 Sept. 2012).
